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Cotton is an essential source of natural fi ber. For every 
100 kg of lint fi ber ginned from cotton, 150 kg of cot-

tonseed is produced (Yu et al., 2012). Whole cottonseed and its 
products can be used as human food, animal feed, and indus-
trial raw materials. For example, cottonseed oil is used as edible 
oil in food processing and restaurants (O’Brien and Wakelyn, 
2005), and has the potential to be used as biofuel (Meneghetti 
et al., 2007). Whole seed and cottonseed meal are valuable 
dairy feedstuff  (Arieli, 1998; Bertrand et al., 2005). Although 
not widely used, cottonseed meal can be used as an adhesive for 
wood-gluing applications (Hogan and Arthur, 1951; Lambuth, 
2003). Th e chemical composition is an important parameter 
in evaluating cottonseed quality for diff erent applications. 
Genetic, environmental, and agronomic approaches have been 
used to alter cottonseed composition (Cherry et al., 1978). Cot-
tonseed oil and protein contents can vary from 17 to 27% and 
12 to 32%, respectively, among genetic variations (Dowd et al., 
2010; Kohel et al., 1985; Yu et al., 2012). Elmore et al. (1979) 
found that N fertilization increased N levels in cottonseed 

with altered amino acid concentration. Pettigrew and Dowd 
(2011) reported that varying planting dates or irrigation 
regimes altered cottonseed composition in terms of protein, oil, 
gossypol, and soluble carbohydrates.

Poultry litter (a mixture of manure and other external 
materials, such as bedding materials) is a byproduct of the poul-
try industry and contains valuable plant nutrients. Managed 
appropriately, land application of PL as a fertilizer is an effi  cient 
and environmentally-acceptable method of recycling nutrients 
and organic matter. Long-term application (up to 20 yr) of PL 
into pasture soil continuously increased the hay yield in the 
Sand Mountain region of Alabama (He et al., 2008). Similarly, 
fertilizing cotton plant with PL oft en results in a yield increase 
(Endale et al., 2002; Reddy et al., 2007; Tewolde et al., 2009a). 
However, the information on the eff ect of PL application on 
mineral composition of plants is very limited even though PL 
contains many mineral elements (Schroder et al., 2011). Citak 
and Sonmez (2010) evaluated the eff ects of the types of fertiliz-
ers (farmyard manure, chicken manure, blood meal, and chemi-
cal fertilizer) on nutrient content of the edible part of cabbage 
(Brassica oleracea) plants during two consecutive seasons. Th ey 
found that the mineral contents of cabbage receiving organic 
applications tended to be higher than cabbage receiving chemi-
cal fertilizers, and on the whole, cabbage responded the best 
to farmyard and chicken manure as a mixture or separately. 
Demir et al. (2010) measured 17 elements (N, P, K, Ca, Mg, 
S, Fe, Zn, Cu, Mn, Mo, Cl, Si, Br, Rb, Sr, and Ba) in tomato 
(Lycopersicon esculentum Mill.) leaves and fruits grown in soil 
fertilized with poultry manure. Th ese researchers concluded 
that the increased fruit yield, the increased concentration of 
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Zn (an element required in the human diet) and the lower con-
centration of potentially harmful Br in the fruit make poultry 
manure a valuable soil amendment for tomato production. 
Tewolde et al. (2011) comparatively evaluated mineral nutrients 
of mid-season cotton plants fertilized with PL and ammonium 
nitrate. Th eir data suggested that the better yield performance 
of cotton fertilized with PL compared to ammonium nitrate 
fertilization was due to a more ideal soil pH, favorable tissue 
Mn concentration, and improved K and B nutrition. Th ey did 
not report eff ects of PL application on the mineral composi-
tion of cottonseed. Th erefore, we collected cottonseed samples 
in two successive years from cotton fertilized with PL and 
chemical fertilizer with or without CC, and determined the 
ash and 18 elemental contents of these samples. Th e objective of 
this study was to evaluate the mineral profi les of cottonseed as 
aff ected by CIF and PL fertilization.

MATERIALS AND METHODS
Field Study

Cotton (cultivar DP143B2RF and DP0924B2RF for 2009 
and 2010, respectively) seed was collected aft er harvest in 
2009 and 2010 from research conducted in 2008 to 2010 at 
the Mississippi Agricultural and Forest Experiment Station 
near Pontotoc, in a Falkner silt loam soil (fi ne-silty, siliceous, 
active, thermic Aquic Paleudalfs). Initially, the soil had a pH 
of 6.4 (1:1 soil/water), and total N and organic C of 0.88 and 
9.9 g kg–1, respectively (Table 1). Th e experiment consisted of 
a factorial combination of three management factors. Th e fac-
tors included PL application methods, application timing, and 
winter CC. Poultry litter (5.6 Mg ha–1 was subsurface banded 

in the spring (LSS) or fall (LSF) or surface broadcast in the 
spring (LBS) or fall (LBF) with or without a winter CC. Th ese 
factors were compared against a standard commercial fertiliza-
tion (CIF) and an unfertilized control (Con) in a random-
ized complete block design with a split-plot arrangement of 
the treatments replicated four times. Winter CC was applied 
to the main plot and a factorial combination of the applica-
tion method and timing to subplots. Each subplot consisted 
of four 1.02-m wide rows with 21.3-m length. Th e fi eld was 
managed as a no-till system. For consistent observations, each 
plot received the same treatment over the experimental years. 
Monthly air temperatures and total precipitation at the experi-
mental site in 2009 and 2010 are listed in Table 2.

Poultry litter was obtained from a local broiler chicken 
operation in the fall before each season and the amount for 
each subplot weighed aft er passing the PL through a device 
that broke large caked-manure pieces to pass a 12-mm screen 
and homogenizing the litter (Table 1). Th e litter for the fall 
application timing was immediately applied and that for the 
spring application was placed in large plastic bags and stored 
in covered plastic tubs under shade during the winter until 
application in the spring. Th e fall PL applications were made 
on 11 Feb. 2008 (delayed due to wet Fall), 6 Nov. 2008, and 24 
Nov. 2009 and the spring applications on 7 May 2008, 19 May 
2009, and 22 Apr. 2010. Th e litter for the surface broadcast was 
applied by hand. Th e litter for the subsurface band was applied 
with a four-row patented prototype implement that opens a 
5 cm-wide trench and places the litter about 5 cm below the 
soil surface (Pote et al., 2011; Way et al., 2010). Th e litter bands 
were spaced 1.02 m apart which was the same spacing as the 

Table 2. Monthly maximum and minimum air temperature and total precipitation at the experimental site in 2009 and 2010.

Month

2009 2010
Maximum 

temperature
Minimum 

temperature Total precipitation
Maximum 

temperature
Minimum 

temperature Total precipitation
______________ °C ______________ mm ______________ °C ______________ mm

January 10.3 –1.0 83 7.5 –3.0 137
February 15.2 0.9 102 7.9 –2.5 77
March 17.7 6.1 157 15.4 3.6 98
April 22.3 9.0 71 24.5 10.1 55
May 25.5 16.0 285 27.1 16.2 220
June 31.9 19.9 55 32.5 21.5 54
July 30.2 19.7 200 33.2 22.4 68
August 30.3 19.6 169 34.0 22.8 48
September 27.5 18.2 195 31.3 17.0 43
October 20.1 9.9 324 25.9 9.0 71
November 17.5 5.1 55 18.0 4.9 139
December 9.1 –0.3 96 9.4 –1.7 50
Avg./sum 21.5 10.3 1791 22.2 10.0 1059

Table 1. pH and concentration of selected nutrients in poultry litter and background soil taken to a depth of 15 cm on 5 Dec. 2007 
and analyzed by the Mehlich 3 procedure (Mehlich, 1984).

Year pH Moisture Total N Total C Ca K Mg Na P B Cu Fe Mn Zn
_____________________________________ g kg–1 _____________________________________ _______________ mg kg–1  _______________

Soil 6.46 0.877 9.909 1.175 0.081 0.024 0.050 0.29 254 71.8 1.26
Litter
   2008 7.16 323 28.7 254.2 19.6 26.8 5.84 7.80 12.2 40.0 296 455 519 411
   2009 7.12 362 27.3 224.6 20.6 27.8 6.14 8.46 14.2 48.0 291 542 531 402
   2010 7.68 239 23.8 17.4 26.6 5.87 6.12 12.8 35.9 285 703 544 413



Agronomy Journa l  •  Volume 105, Issue 2 •  2013 343

cotton rows. Th e CIF treatment received 101 kg ha–1 N as 
urea-ammonium nitrate solution as a sidedress around the fi rst 
square stage each season on 10 July 2008, 10 July 2009, and 
9 July 2010. Th e CIF treatment also received 84 kg K ha–1 as 
KCl in 2008 and 121 kg K ha–1 in 2009 and 2010 based on soil 
test recommendations from Mississippi State University. No P 
fertilization was necessary according to the recommendation.

Each season, wheat CC was planted shortly before or aft er 
applying the litter in the fall and killed 2 to 3 wk before plant-
ing cotton on 19 May 2008, 21 May 2009, and 26 May 2010 
with a four-row no-till planter. Th e cotton was planted 15 cm 
away from the litter band at the same 1.02-m row spacing as the 
litter bands. Cotton from the middle two rows was harvested 
on 22 Oct. 2008, 12 Nov. 2009, and 29 Sept. 2010 with a two-
row spindle picker.

Seed Sample Preparation

About 1.0-kg subsample was taken from the cotton har-
vested in 2009 and 2010, ginned on a 10-saw tabletop gin, and 
the cottonseed delinted with concentrated H2SO4 and dried 
in a forced-air oven at 65°C. Approximately 120 g dried seeds 
from each sample were then ground in a stainless steel coff ee 
grinder and sieved to pass a 0.5 mm stainless steel sieve (no. 35 

U.S. Standard Test Sieve). Part of the sample that did not pass 
through this sieve was further ground in the coff ee grinder and 
sieved again. Th e part of samples that was too persistent for 
the coff ee grinder and did not pass this sieve was ground in a 
stainless steel Wiley Mill to pass a 1-mm screen (no. 20) and 
thoroughly blended with the remainder of the sieved sample. 
Th e portion that had to be ground by the Wiley Mill was 
mostly hull pieces and was only a small fraction of the total.

Ash and Elemental Analysis

Seed ash content was determined aft er 1.0 g of each ground 
sample was ashed in a muffl  e furnace at 550°C. Th e mineral 
content of the seed was analyzed following the digestion (Jones 
and Case, 1990) in which 0.50 g of ground cottonseed sample 
was digested in 10.0 mL of concentrated trace metal grade 
HNO3 for 1 h in the HotBlock Environmental Express block 
digester. Th e sample was heated to 115°C for 2 h and 15 min, 
then cooled and brought to 50mL with deionized (DI) water. 
Th e concentrations of 13 elements (i.e., Al, B, Ca, Cu, Fe, K, 
Mg, Mn, Na, Ni, P, S, and Zn) in these digests were determined 
by a Spectro CirOs ICP spectrometer (Mahwah, NJ). Th e con-
centrations of As, Pb, and Cd in these digests were determined 
separately using the same instrument to have better detection 

Fig. 1. Contents of nonmetal C, N, P, and S in seed harvested from cotton grown in 2009 and 2010 with (+CC) or without (–CC) 
winter cover crop management. See the Field Study description for fertilization treatment abbreviations. Data are averages of 
field triplicates with standard error bars. Symbols *, **, ***, and ns are for statistically significant impact at α = 0.05, 0.01, 0.001 and 
not significant at α = 0.05, respectively, by the fertilization (symbols at the top of above the data bars) or cover crop treatments 
under each fertilization (symbols besides the fertilization legends).
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limits. Th e concentrations of C and N were determined by 
dry combustion using PerkinElmer 2400 Series II CHNS/O 
analyzer (PerkinElmer, Shelton, CT).

Statistical Analysis

Although there were four fi eld replicates for each year, the 
laboratory elemental analysis of cottonseed samples was per-
formed only on three fi eld replicates. Th e data analysis package 
in Microsoft  Excel 2007 was used for statistical analysis. Th e 
Descriptive Statistics Tool Data was used to calculate averages 
and standard errors. “Single-factor” and “two-factor with rep-
licates” ANOVA were used to evaluate the eff ects of manage-
ment treatments on changes of element and ash contents of 
cottonseed. Th e Correlation Analysis Tool was used to analyze 
correlation coeffi  cients between element and ash contents.

RESULTS
Nonmetal Elements (Carbon, Nitrogen, 
Phosphorus, Sulfur, Boron, and Arsenic)

Based on the 2009 data, the contents of C and N were 
495.8 ± 23.4 and 52.5 ± 8.4 g kg–1, respectively. Th e manage-
ment practices did not signifi cantly (α = 0.05) impact either 
C or N content in cottonseed (Fig. 1A and 1B). Seed P content 

varied from 6.0 to 7.8 g kg–1 and S content varied from 2.4 to 
3.1 g kg–1 (Fig. 1C and 1D). Th e P content of the cottonseed 
samples with the same fertilization, except that of PL applied 
subsurface band in Fall (labeled as LSF), was signifi cantly 
diff erent (α ≤ 0.05) among the four sets of data (Fig. 1C). 
Our data indicated that the CC management increased the 
P content of cotton seed slightly; however, there were major 
diff erences within growing season/year. For example, the aver-
ages of the P content was 6.68, 6.95, 7.44 and 7.53 mg kg–1, for 
2009–CC, 2009+CC, 2010–CC, and 2010+CC, respectively 
(2009 and 2010 treatments without [–CC] and with [+CC] 
cover crop management). Compared to the no-fertilizer 
control, CIF fertilization decreased the P content, but PL 
fertilization increased the P content. No apparent diff erences 
between the PL application methods were observed. On aver-
age, CIF decreased the P content of cottonseed by 6.5% and 
PL increased the P content by 5.6% relative to no fertilization. 
Th e diff erence in the P content between CIF and PL samples 
was 13.0%. Th e cottonseed S content was not infl uenced by 
the treatments but the 2 yr diff ered substantially (Fig. 1D). Th e 
average of the S content was 2.60, 2.61, 3.02, and 2.98 mg kg–1, 
for 2009–CC, 2009+CC, 2010–CC, and 2010+CC, 

Fig. 2. Contents of macro metal K, Na, Ca, and Mg in seed harvested from cotton grown in 2009 and 2010 with (+CC) or without 
(–CC) winter cover crop management. See the Field Study description for fertilization treatment abbreviations. Symbols *, **, ***, 
and ns are for statistically significant impact at α = 0.05, 0.01, 0.001 and not significant at α = 0.05, respectively, by the fertilization 
(symbols at the top of the data bars) or cover crop treatments under each fertilization (symbols besides the fertilization legends).
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respectively. Similar to P, S content was also aff ected by grow-
ing years, but not by the CC or fertilization.

Th e contents of micro nonmetal elements B and As in those 
cottonseed samples varied from 16.8 to 20.5 mg kg−–1 and 
from 0.004 to 0.011 mg kg–1, respectively (Fig. 1C and 1D). 
However, fertilization and CC management did not signifi -
cantly (α ≤ 0.05) aff ect these micro nonmetal elements.

Macrometal Elements (Potassium, 
Sodium, Calcium, and Magnesium)

On average, the Na content was 0.18 g kg–1 of cottonseed 
(Fig. 2A). Compared to the unfertilized control, fertilization 
lowered Na content in most samples. However, the variances of 
the fi eld replicates were so large that three of the four groups of 
data were not statistically signifi cant at α ≤ 0.05. Th e average 
of K content of cottonseed was 11.1 g kg–1 or 50-fold higher 
than the total Na content (Fig. 2B). Th e K content in these 
cottonseed samples without the cover crop management (–CC) 
was basically unchanged over the fertilization treatments. On 
the other hand, both years’ data showed fertilization treat-
ments with the CC management signifi cantly impacted the K 
content in cottonseed. Relative to the unfertilized control, PL 
application with CC management increased the K content in 
cottonseed by an average of 6.8% in 2009 and 6.3% in 2010.

Higher Ca content was detected in 2010 than 2009 samples 
(Fig. 2C). Th ere were no consistent eff ects of CC management 
on the Ca content. Th e Ca content in the four control cotton-
seed samples was 1.45, 1.45, 1.91, and 1.76 g kg–1, respectively. 
Th e averages across the fi ve PL- and chemical-fertilized treat-
ments for 2009–CC, 2009+CC, 2010–CC, and 2010+CC 
were 1.31, 1.31, 1.55, and 1.56 g kg–1, respectively. Th is suggests 
that fertilization lowered the Ca content in cottonseed. Th e 
eff ects of fertilizer type and application method, however, were 
not obvious. On average, fertilization reduced the Ca content 
by 10.7, 9.5, 18.5, and 11.1%, respectively, for 2009 and 2010 
data without or with CC managements. Compared to the Ca 
data, the Mg content varied less with the year and CC factors 
when the fertilization treatments were the same (Fig. 2D). 
Similar to the Ca content, the Mg content was lower in the 
cottonseed with chemical fertilizer, compared to the control. 
However, unlike the Ca content data, the Mg content was 
higher in the cottonseed samples with PL than the correspond-
ing Control samples. Th e Mg content in the four fertilizer 
controls of –CC and +CC samples of 2009 and 2010 ranged 
from 3.75 to 4.07 g kg–1. Th e CIF decreased the Mg content by 
6.8, 7.6, 6.4, and 4.4%, in the same order. Th e PL increased the 
Mg content by 5.8, 2.9, 4.8 and 6.0% under the same manage-
ments. Combining the four sets of data, the average decrease 

Fig. 3. Contents of micrometal Fe, Mn, Cu, and Zn in seed harvested from cotton grown in 2009 and 2010 with (+CC) or without 
(–CC) winter cover crop managements. See the Field Study description for fertilization treatment abbreviations. Symbols *, **, ***, 
and ns are for statistically significant impact at α = 0.05, 0.01, 0.001 and not significant at α = 0.05, respectively, by the fertilization 
(symbols at the top of the data bars) or CC treatments under each fertilization (symbols besides the fertilization legends).
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by CIF was 6.3%; the average increase by PL was 4.9%. Th e 
diff erence in the Mg content between CIF and PL samples was 
12.2%, comparable to that change of P content in these cot-
tonseed samples.

Micrometal Elements (Iron, Manganese, Copper, 
Zinc, Nickel, Cadmium, Lead, and Aluminum)

Within each fertilization treatment, CC signifi cantly 
aff ected the four metal Fe, Mn, Cu, and Zn contents in the 
cottonseeds (α ≤ 0.05) (Fig. 3). Additionally, the four elements 
were higher in all 2010 samples than in the corresponding 
2009 samples without or with the CC managements. For 
example, the Fe content was 32.9, 33.5, 42.2, and 40.2 mg kg–1, 
for 2009–CC, 2009+CC, 2010–CC, and 2010+CC, respec-
tively. Th e 2010 cottonseed samples had greater micrometals 
content than the 2009 samples and the diff erences depended 
on the presence or absence of CC. For example, the Fe, Mn, 
Cu, and Zn content of the 2010 cottonseed samples exceeded 
those of the 2009 samples by 28.4, 48.1, 35.4, and 36.9% with 
CC and 20.0, 49.6, 25.8, and 30.0% without CC, respectively.

Fertilization aff ected the contents of the four metals in 
cottonseed in diff erent patterns. Th e impacts of fertilization 
treatments on the Fe content in cottonseed were similar in the 
four sets of data although only the 2010 data were statistically 
signifi cantly aff ected (Fig. 3A). Compared to the correspond-
ing controls, chemical fertilization increased the Fe content 
in cottonseeds by 16.0, 31.1, 19.0 and 22.7%,for 2009–CC, 
2009+CC, 2010–CC, and 2010+CC, respectively. Th is rep-
resents an average increase of 22.2%. Poultry litter application 
also increased the Fe content but to a small extent. Th e general 
impact order of PL application methods on the Fe content was 
LBF ≤ LBS ≤ LSF ≤ LSS as shown in Fig. 3A. Th e average 
increases in the two seasons without or with CC managements 
were 9.0, 14.0, 18.6, and 24.6% with the four PL applications 
compared to the control. Th ese observations implied that PL 
applied in Spring and/or with subsurface band application 
would exert greater impacts on the Fe content in cottonseed. 
Th e levels of Mn in cottonseeds ranged from 11 to 21 mg kg–1, 
less than a half of that of Fe (Fig. 3B). Similar to the Fe content, 
chemical inorganic fertilizer increased the Mn content with an 

average of 21.7%, compared to that of control. Th e PL appli-
cation had less impacts and the diff erences between the PL 
application methods were not distinct. Th e Mn content in the 
cottonseed with PL was only 6.6% higher than the control. On 
average, the Fe content in 2010 samples was 28.4 and 20.1% 
higher than those in 2009 samples, respectively, without and 
with the CC. Th e corresponding Mn content in 2010 samples 
was 48.5 and 49.7% higher than those in 2009 samples.

Th e Cu levels in these cottonseed samples were not 
>10 mg kg–1 (Fig. 3C). In contrast to Fe and Mn, the Cu con-
tent in cottonseed with chemical fertilizer was lower than the 
corresponding controls by 25.7, 15.3, 8.6 and 8.2% for 2009–
CC, 2009+CC, 2010–CC, and 2010+CC, respectively. On 
the other hand, no consistent eff ects of PL application and the 
application methods on the Cu content were observed. By the 
averages of LBF, LBS, LSF and LSS, PL application changed 
the Cu content by –3.5, 5.0, 2.1, and 12.3%, compared to the 
corresponding controls in 2009 and 2010 seasons without or 
with CC managements. Th e Zn content in cottonseed seemed 
not impacted by fertilization managements (Fig. 3D).

Among other four (i.e., Ni, Cd, Pb, and Al) elements, the 
Ni levels in all cottonseed digests including those with PL 
fertilization was below the digest blank (0.3 mg kg–1), indicat-
ing the very low Ni content in all these cottonseed samples. 
Th e contents of two non-nutrient elements, Cd and Pb, were 
detectable, but extremely low in these cottonseed samples. For 
example, Cd content ranged from 0.000 to 0.003 mg kg–1 
whereas Pb content ranged from 0.001 to 0.017 mg kg–1. 
Another non-nutrient element Al was relatively higher in the 
cottonseed samples, ranged from 33 to 42 mg kg–1. None of the 
four element (Ni, Ca, Pb, and Al) contents in the cottonseeds 
were signifi cantly (α = 0.05) changed by any of the cropping 
management factors we tested.

Ash Content

Th e ash content was 4.28, 4.45, 4.58, and 4.56% of dry 
matter, for 2009–CC, 2009+CC, 2010–CC, and 2010+CC, 
respectively. Among the six sets of data with the same fertiliza-
tion treatments, only one set (LBF) was signifi cantly diff erent 
at α = 0.01(Fig. 4), indicating little change of the ash content 
in cottonseed over growing year and CC managements. Th e 
changes of ash content impacted by the fertilization treat-
ments was statistically signifi cant (α = 0.01) for 2009 data, 
but not for 2010 data even though the impact patterns of the 
2-yr data were similar. In all four sets of data, the ash content 
of cottonseed with chemical fertilizer, 3.93, 3.99, 4.05, and 
4.24% of dry matter, was lower than the corresponding control 
samples. Comparison of the four groups of data led us to con-
clude that the methods of PL application showed inconsistent, 
little eff ects on the ash content of these cottonseed samples. 
Th us, we calculated the averages of ash content of the four PL 
applications (LBF, LBS, LSF, and LSS) as 4.37, 4.45, 4.61, and 
4.77% of dry matter, for 2009–CC, 2009+CC, 2010–CC, 
and 2010+CC, respectively. Th ese data indicate that the ash 
content of cottonseed with PL fertilization was higher than 
that of cottonseed with chemical fertilizer. Th e diff erences 
were 0.44, 0.46, 0.56 and 0.53% of dry matter between CIF- 
and PL-applied samples for 2009–CC, 2009+CC, 2010–CC, 
and 2010+CC. On average, the ash content in PL-applied 

Fig. 4. Ash content of seed harvested from cotton grown in 
2009 and 2010 with (+CC) or without (–CC) winter cover 
crop management. See the Field Study description for 
fertilization treatment abbreviations. Symbols *, **, and ns 
are for statistically significant impact at α = 0.05, 0.01, 0.001 
and not significant at α = 0.05, respectively, by the fertilization 
(symbols at the top of the data bars) or CC treatments under 
each fertilization (symbols besides the fertilization legends).
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cottonseed was 0.5% of dry matter higher than that in inor-
ganic fertilizer-applied cottonseed, representing 12.3% change 
of ash content.

DISCUSSION
Among the 18 elements we tested, 13 (C, N, P, K, Ca, Mg, 

S, B, Cu, Fe, Mn, Ni, and Zn) are essential elements for plant 
growth. Copper, Mn, Ni, and Zn are also potentially toxic 
to plants when concentrations are too high. Aluminum, As, 
Cd, and Pb are nonessential elements whose presence are of 
concern to both human and ecosystem health (Fageria et al., 
2002; Bolan et al., 2004; Schroder et al., 2011). Sodium is a 
non-essential element for plants although there are reports 
that some crops benefi t from Na in the soil (Dias et al., 2009; 
Helmke and Sparks, 1996). Modern chemical inorganic fertil-
izer applications supply P, K, and several other minerals to 
soil to promote plant growth. Poultry litter can provide more 
minerals to soil as those minerals have been added into poultry 
feed for various purposes and excreted into PL (Schroder et al., 
2011). Due to the diff erent mobility, those minerals accumu-
late in soils with diff erent rates (He et al., 2008, 2009; Rich-
ards et al., 2011; Tewolde et al., 2011). Tewolde et al. (2010, 
2011) demonstrated in an earlier study that the better lint yield 
performance of PL-fertilized cotton than for CIF-fertilized 
cotton was not due to better N nutrition of the PL-fertilized 
cotton, rather it was caused by other mineral nutrients in PL 
and other benefi ts associated with PL addition. In another 
study, Tewolde et al. (2005a, 2005b) found that cotton grown 
in media with nutrients only from PL had normal growth, 
showing that the PL provided all essential nutrients for normal 
plant growth. In the present study, we tried to understand the 
eff ects of CIF and PL fertilization with diff erent application 
methods on cottonseed mineral composition harvested in two 
successive years. Data presented in this study indicated that 
neither the CC management nor PL application times were 
critical factors in determining the mineral contents in cot-
tonseed. However, the levels of many minerals in cottonseeds 
were aff ected by the growing year factor. Th e annual diff erences 
could be due to diff erences in weather conditions between the 
2 yr. It is reported that weather factors, such as rainfall and 

temperature, aff ect ash and chemical contents of cottonseeds 
(Bertrand et al., 2005). For example, higher rainfall is reported 
to result in higher ash content (Bertrand et al., 2005). In 
contrast, we observed lower ash content in the wetter 2009, 
indicating the complicated eff ects of weather factors. In addi-
tion, several element contents were lower in 2009 than 2010, 
indicating possible cumulative eff ects of repeated treatments 
on the same plots. To eliminate the year eff ect, we further 
analyzed the eff ects of fertilization and CC treatments on the 
elemental and ash contents in cottonseed based on the averages 
of 2-yr data. Th e results showed that the contents of eight ele-
ments and ash were signifi cantly (α ≤ 0.05) impacted by fertil-
ization (Table 3). Cover crop management impacted only the P 
content (α ≤ 0.05). Th ere was no signifi cant (α ≤ 0.05) impact 
by the interactions of the CC and fertilization treatments. Th e 
CC management seems a long-term factor that is worth further 
evaluation when samples from long-term experimental fi elds 
become available.

Historical data indicated a decreasing trend of ash and 
several mineral contents of cottonseed. For example, the ash 
content of whole cottonseed reported by the National Research 
Council had decreased from 4.8% in 1969 to 1989 to 4.2% 
(n = 193, SD = 2.1%) in 2001 (Bertrand et al., 2005; NRC, 
2001). Bertrand et al. (2005) reported ash content of eight 
cottonseed samples from 3.7 to 4.2% with an average of 4.0%. 
Whereas it is true that this trend accompanied by reduced seed 
sizes is related to increased selection for lint quality (Bertrand 
et al., 2005), our data suggest that fertilization and possibly 
other growing conditions aff ect the ash content. Inadequate 
N fertilization seems to lead to larger ash content in the seed 
than adequate N fertilization, an observation that may be an 
indication of reduced photoassimilate accumulation in the 
seed and not necessarily an indication of increased mineral 
accumulation. Th e lower ash content of the CIF treatment 
than the unfertilized control is likely an indication of greater 
photoassimilate accumulation and larger seed size, not neces-
sarily reduced mineral levels in the seed of the CIF treatment. 
Cotton that was fertilized with PL had adequate N fertiliza-
tion and therefore must have the same level of photoassimilate 
accumulation and seed size as the cotton fertilized with the 

Table 3. Effects of fertilization (Fer) and cover crop (CC) treatments on selected elements and ash contents in cottonseed based 
on the averages of 2-yr data. (+CC and –CC: with or without winter cover crop management).

Treatment P S K Mg Ca Fe Mn Cu Ash
ANOVA ———————————————————————— P > F ————————————————————————
CC 0.006 0.566 0.067 0.626 0.892 0.261 0.676 0.906 0.078
Fer <0.001 0.012 0.002 0.001 <0.001 <0.001 0.002 <0.001 <0.001

Fer × CC 0.566 0.067 0.120 0.937 0.590 0.544 0.838 0.243 0.522
Content —————————————— g kg–1 —————————————— ————— mg kg–1 ————— %

–CC +CC
Con† 6.91ab‡ 7.03b 2.75abc 10.9ab 3.81ab 1.64c 32.4a 14.5a 8.03b 4.47b
CIF 6.52a 6.52a 2.86bc 10.8a 3.59a 1.44ab 39.5d 17.5b 6.92a 4.05a
LBF 7.24bcd 7.64c 2.72a 11.2bc 4.04c 1.48b 35.3b 14.9a 8.36bc 4.56b
LBS 7.30d 7.43bc 2.75abc 11.3bc 4.02c 1.46b 36.9c 15.5a 8.61c 4.64b
LSF 7.31cd 7.59c 2.88bc 11.5c 4.03c 1.41ab 38.5cd 15.8a 8.54bc 4.56b
LSS 7.06bc 7.33bc 2.86b 11.1b 3.98bc 1.36a 40.3d 15.2a 7.95b 4.44b

†  Con, control; CIF, chemical inorganic fertilizer; LBF, surface broadcast in the fall; LBS, surface broadcast in the spring; LSF, subsurface banded in the fall; LSS, subsurface 
banded in the spring.

‡ Content values followed by different letters within the same column are signifi cantly different at α  ≤ 0.05.
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CIF treatment (Tewolde et al., 2010; 2011). However, cotton 
fertilized with PL had higher seed ash content than the CIF 
treatment probably because PL supplied other mineral nutri-
ents (i.e., P, K, Ca, Mg, Fe, B, etc.) and resulted in greater seed 
mineral content than the CIF treatment which received only N 
and K fertilizers. Relative to inorganic fertilizers, PL applica-
tion has been known to increase concentration of P, K, Mg, and 
other elements in leaves and other plant parts (Tewolde et al., 
2011; 2009b) and may lead to greater accumulation of these 
elements in the seed and to higher seed ash content.

In our experiment, the fertilizer type (i.e., CIF or PL) was 
the single most important factor in infl uencing the mineral 
contents of cottonseed. Compared to the no-fertilizer control, 
fertilization impacted the mineral contents in three ways: 
(i) little or no changes; (ii) decrease; and (iii) increase in the 
content of a mineral in cottonseed. Ten elements (C, N, Zn, Ni, 
Cd, Pb, Al, S, B, and As) belong to the fi rst category. Calcium 
belongs to the second category, and Fe and Mn belong to the 
third. Magnesium, Cu, and P are the mixing scenarios of 
categories 2 and 3 as the contents of the elements decreased 
with CIF fertilization, but increased with PL fertilization. 
Fertilization increased the content of K, and decreasing the 
content of Na in cottonseed; however, more data are needed to 
draw a defi nitive conclusion. Interestingly, the ash content in 
these cottonseed samples also changed in a way similar to that 
of Mg, Cu, and P. Correlation coeffi  cient analysis showed the 

ash content positively correlated with the contents of P, K, and 
Cu, but negatively correlated with that of Mn in the 2009 data, 
but positively correlated with only P and Mg contents for the 
2010 data (Table 4). Th ese relationships imply that the increase 
of ash content by PL fertilization was mainly caused by P and 
Mg accumulation. Both the 2009 and 2010 data also showed 
positive correlations between ash content and P, Mg, and K, 
implying the co-existence of the three elements in cottonseed 
in the form of Mg and K phosphate. Based on 58 samples of 
eight cotton varieties grown at 13 locations, Stansbury et al. 
(1953) reported that 95.7% of the total P increase in cotton-
seed was attributed to phytate P. Whereas phytate can contain 
other elements, such as Ca and Fe in plant seeds (Lott and 
West, 2001), the positive correlations we observed between ash 
content and P, Mg, and K prompted us to conclude that PL 
fertilization increased the Mg/K phytate in these cottonseed 
samples. It should be pointed out that although the majority of 
P in PL is in the form of phytate (Cade-Menun, 2011; He et al., 
2006), plants take up mainly inorganic P for their growth (He 
et al., 2003; Seeling and Jungk, 1996). Th e organic P moiety of 
phytate in PL applied to soil should be fi rst hydrolyzed to inor-
ganic P, then taken up by the cotton plant. However, the Mg/K 
phytate forms in PL from poultry grain feedstuff  might have 
provided the appropriate ratios for the cotton to take up syn-
ergistically Mg, K, and P to favor the accumulation of Mg/K 
phytate in cottonseed. Th e CIF fertilization did not provide 

Table 4. Correlation coeffi cients among seven elements and ash contents in cottonseed based on the year 2009 and 2010 data and  
the averages of the 2-yr data.

Elements P Ca K Mg Fe Cu Mn
A. 2009 data (n = 12)
   Ca ns†
   K 0.893*** ns
   Mg 0.964*** ns 0.840***
   Fe ns –0.787** ns ns
   Cu 0.795** ns 0.805* 0.818** ns
   Mn ns –0.608* ns ns 0.749** –0.665*
   Ash 0.899*** ns 0.831*** 0.890*** ns 0.800** –0.607*

B. 2010 data (n = 12)
   Ca ns
   K 0.583* ns
   Mg 0.906*** ns 0.567*
   Fe ns –0.736** ns ns
   Cu ns ns ns ns ns
   Mn ns ns ns ns ns ns
   Ash 0.834*** ns ns 0.810** ns ns ns
C. Averages of 2-yr/cover crop data (n = 6)
   Ca ns
   K 0.898* ns
   Mg 0.989*** ns 0.856*
   Fe ns –0.938** ns ns
   Cu 0.950** ns 0.839* 0.923** ns
   Mn ns ns ns ns ns ns
   Ash 0.932** ns ns 0.918** ns 0.990*** ns

* Indicates the coeffi cients are statistically signifi cant at α = 0.05. 
** Indicates the coeffi cients are statistically signifi cant at α = 0.01. 
*** Indicates the coeffi cients are statistically signifi cant at α = 0.001. 
† ns, indicates no statistically signifi cant (α = 0.05) coeffi cients observed.
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this kind of advantage. Based on the P data, the diff erence in 
phytate content between the CIF- and PL-fertilized cottonseed 
samples was 13%. Th e negatively charged phosphate in phytate 
strongly binds to metallic cations of Ca, Fe, K, Mg, Mn, and 
Zn making them insoluble and thus unavailable as nutritional 
factors (Bohn et al., 2008). Th us, the impact of the elevat-
ing phytate level in cottonseed by PL application is worthy of 
further research.

An interesting observation of the correlation coeffi  cient 
analysis is the negative correlation of Ca with Fe, and possibly 
Mn. Our data showed that both CIF and PL fertilization 
decreased Ca content in cottonseed even though PL contained 
a signifi cant amount of Ca and extractable soil Ca increased 
with PL application into the cotton fi eld (Tewolde et al., 2011). 
Demir et al. (2010) found that fruit Ca content of tomato 
(Lycopersicon esculentum Mill.) was signifi cantly reduced by 
increased rate of applied poultry manure. Th ey explained their 
observation by (i) drawing-away of Ca from the fruits due to 
the enhanced growth of the plant with application of poultry 
manure and (ii) Ca dilution due to increased fruit yields. Th ese 
explanations are also applicable to our case. Based on the cor-
relation results, an additional explanation would be repelling 
(competing) eff ects of Fe and Mn on storage of Ca in cotton-
seed as Ca, Fe, and Mn are all localized in globoid crystals of 
the plant seed (Lott, 1981).

CONCLUSION
Th is research demonstrated the importance to determine 

the contents of several elements (Al, As, B, C, Ca, Cd, Cu, Fe, 
K, Mg, Mn, N, Na, Ni, P, Pb, S, and Zn) and ash in cottonseed 
samples. Our study with cotton grown in a Falkner silt loam 
soil in northeastern Mississippi showed that the contents of the 
elements determined in cottonseed samples were not aff ected 
by the presence of wheat CC or the PL application timing 
(spring vs. fall) and method (broadcast vs. subsurface band). 
Th e contents of six elements (Ca, Fe, Cu, Mn, Zn, P, and S) 
were higher in 2010 cottonseed samples than the correspond-
ing 2009 samples. Th e fertilization type (CIF vs. PL) showed 
outstanding but not necessarily the same impacts on the 
contents of six elements (Ca, Fe, Mn, P, Cu, and Mg) and ash. 
Fertilization decreased Ca, but increased Fe and Mn contents. 
Th e CIF fertilization decreased, but PL fertilization increased 
P, Mg, Cu, and ash contents. Correlation coeffi  cient analysis 
suggested that P, Mg, and K contributed to the increase of ash 
content, probably in the form of the mixture of K/Mg phytate 
compounds.
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